There is increasing interest in using "real-world pedagogy" to train students in ways that make them better able to contribute toward a more sustainable society. While there is a robust body of literature on the competencies that students need as sustainability professionals, there is a lack of specific guidance in the literature on how to teach for competency development or on how to structure a program or course to support competency development. Our research addresses this gap in the literature through a description and autoethnographic reflection on the design and early implementation of a "real-world" course. The course is from the Environmental Studies Program at Dartmouth College (Hanover, NH, USA), but it takes place in the environs of the Gobabeb Research and Training Centre in the Namib Desert of Namibia and in nearby Topnaar settlements. Our research objective was to articulate strategies to address the primary pedagogical challenges that we faced during the design and first five iterations of the course. These include: How do we frame this course and communicate it to students in a way that is understandable and works within the particular context and constraints of the course? Can we provide students with a coherent framework that helps them to understand the approach and also provides a platform for thoughtful consideration, acquisition, and retention of appropriate competencies? How do we develop collaborations with our community partners that are ethical and effective? How do we frame these real-world experiences in a way that allows for students to integrate their experience with the theory and broader empiricism they learn on campus? To address these pedagogic challenges, we framed the course as a research-based course, more specifically community-based research (CBR), conducted in a social-ecological system (SES). We developed lower-level strategies for implementing this framing, including preparing students for collaborative research, encouraging student ownership of their learning, linking theory to research, and thoughtfully navigating time constraints. Furthermore, program-level and student-level engagement with community have been critical for avoiding becoming "helicopter researchers." Drawing on our personal reflections and those of our community partners, we conclude with a discussion of emergent outcomes and the next steps for continual improvement and adaptation.
Introduction
The related fields of environmental studies, conservation biology, and sustainability science (and others) are searching for ways to make higher education more practically relevant in efforts to move toward a more sustainable society [1, 2] . Numerous papers have attempted to identify the competencies that are needed to do this work and have called for their incorporation into university curricula. A partial list of these competencies includes: problem solving [3] , inter-and transdisciplinary proficiency [4] , systems thinking [5] , collaboration skills [6] , communication [7] , understanding how values and ethics shape problems and solutions, incorporating diverse opinions and knowledge [7] , and applying theory to practice. There is broad consensus that these are worthy educational goals, and numerous studies have evaluated these learning outcomes (e.g., [8, 9] ). However, many of these competencies involve vague concepts for which even specialists have trouble agreeing on operational definitions. Thus, it is not surprising that there is a lack of specific guidance in the literature on how to teach for competency development [8, 10] , or on how to structure a program or course to support the development of these competencies.
One approach that colleges and universities are taking to teach sustainability competencies is to embed students in a real-world setting-a setting outside of the confines of the academy-and ask them to accomplish something. Higher education institutions that are interested in teaching sustainability competencies are making significant investments in off-campus educational opportunities and other real-world approaches, both domestic and international (e.g., Arizona State University's School of Sustainability; University of Maine's Senator George J. Mitchell Center for Sustainability Solutions). The practical nature of these off-campus programs offers an opportunity for students to gain much needed experience and skills in interdisciplinary thinking, collaboration, and engaged research. Being embedded in the system under investigation presents students with a completely new context within which to learn. This new context is critical for learning, because, as experiential learning theorists assert, "learning results from synergistic transactions between the person and the environment" [11] , whereby students assimilate new experiences with prior learning and modify prior learning through new experiences. This trend of off-campus programming has spurred thinking about "real-world pedagogy" [3] , including about how to design courses and programs and what are the outcomes of these programs.
Despite the increasing enthusiasm for real-world educational approaches, there are many challenges to implementing these programs and there is relatively little literature to guide the development of these types of courses (exceptions include [3] ). To help address this gap in the literature, this paper describes the development and implementation of a hands-on, field research course with students and faculty from Dartmouth College, a liberal arts college in New Hampshire, USA, which is conducted in Namibia in southern Africa. We share our reflections on course design strategies and the challenges that we and our students faced in the design and implementation of this real-world course. Our research objective was to articulate strategies to address the primary pedagogical challenges faced during the design and first five iterations of the course. These include: How do we frame this course and communicate it to students in a way that is understandable and that also works within the particular context and constraints of the course? Can we provide students with a coherent framework that helps them understand the approach and also provides a platform for thoughtful consideration, acquisition, and retention of appropriate competencies? How do we develop collaborations with our community partners that are ethical and effective? How do we frame these real-world experiences in a way that allows students to integrate their experience with the theory and broader empiricism they learn on campus? While the specifics of our strategies, such as the theory and content of the course, may only be relevant to environmental studies programs or similar fields of work, the strategies that we develop here are relevant to any number of disciplines.
Prior to discussing program design, we provide background on the course and the setting in which it takes place.
Materials and Methods

Course Background
This new "real-world" community-based, field research course (ENVS84, hereafter "the course") was an enhancement to a program, established in 1983, which focused on the interplay of environment and development in southern Africa. Although the focus remains the same in the current iteration, the implementation of the course and the learning process is vastly different. Students and faculty from Dartmouth College spend a trimester (10 weeks, hereafter "the program") studying the conservation and management of natural resources, including wildlife, biodiversity, water, minerals, and agricultural land, while traveling in South Africa and Namibia. The program visits a variety of sites employing different approaches to the conservation and development nexus. These include national parks, private game reserves, cattle farms, community conservancies, watershed based management collaboratives, predator focused NGO's and scientific research stations. Students take three courses over the 10 week period, the first two of which (ENVS 40 and ENVS 42) conclude prior to the start of the course addressed in this paper, ENVS 84, which occurs during the last two weeks of the program.
The course is based out of the Gobabeb Research and Training Centre in the Namib Desert of Namibia (www.gobabebtrc.org). This location provides a unique opportunity to study the complex relationships among a scientific field station (Gobabeb), a local community (the =Aonin Nama or Topnaar), a National Park (Namib-Naukluft Park), and the environment of the Namib Desert. The Topnaar people are a Khoekhoegowab-speaking community whose historically documented presence along the Lower Kuiseb River dates back 350 years, and their archeological presence much further [12] . The Topnaar rank among the most disadvantaged people in Namibia due in part to restrictions on livelihoods from living within protected areas (Namib-Naukluft Park established in 1907; the Dorob National Park in 2011), unemployment, low literacy levels, and poor service provision [13] . Consequently, many Topnaar people have migrated to nearby urban centers in search of employment. Among those still living along the Kuiseb, urban remittances and government pensions are among the primary cash income sources. But, many also still rely on traditional means of subsistence wherein the narrow ribbon of riparian vegetation is the mainstay for their livelihoods. Among these, livestock production is the primary income-generating activity [13] . Although some households maintain small vegetable gardens, the area is too dry and water is too valuable for extensive gardening. Most households also gather !nara melons (Acanthosicyos horridus), a Namib endemic plant that has a prominent place in Topnaar culture. In the past, harvested melons were traditionally processed and then dried to feed the household over the next year, but products are now also sold to provide some cash income. The interests of the community are represented by the Topnaar Traditional Authority (TTA).
Gobabeb is a non-governmental research facility that currently operates as a joint venture between the Namibian Ministry of Environment and Tourism (MET) and the Desert Research Foundation of Namibia (DRFN). Established in 1962, the Centre annually hosts over 250 scientists across a range of disciplines. Over its history, Gobabeb's primary focus has been basic research on the desert ecosystem and atmosphere. However, since Namibian independence in 1990, training Namibian students and environmental professionals has also been an important part of its mission. It has engaged with the Topnaar community on a variety of capacity-development initiatives, including skills-based training programs, scholarships, and exchange programs with similar communities.
Our Research Approach
We used autoethnography to analyze our experiences with the program [14] . This qualitative method uses self-reflection on one's experience as data to begin the exploration of "broader sociocultural issues" [15] , in this case, how to teach a real-world, community-based field research course. Like Chaves et al. (2016) in their use of analytic autoethnography, we are members of the program of which we are studying; our voices are evident in our analysis, and we seek to contribute to the broader literature on a topic or social phenomena [16] . Although the co-authors had talked with each other about the course in the process of annual planning and teaching, we had not yet embarked on such an in-depth process of reflection to identify and name our pedagogical strategies. Our formal process of reflection began in November 2016 when the Dartmouth-based co-authors began to document and meet about our experiences on the program, our lessons learned, and our perspectives on student outcomes in the course. Using Dropbox, we developed a shared document to collect our reflections and then we worked through each reflection during meetings until we came to agreement about our most notable reflections. This process allowed us to articulate nuances in our reflections and allowed each of us to critically analyze and question our positions [17] . Early in our writing process we met at least monthly. Since January 2018, we have met almost weekly to discuss our reflections, explore interpretations of experiences relative to the literature, and develop this manuscript.
Recognizing our subjectivity and the bias in our perspectives, we sought to gather insights from co-authors and colleagues in Namibia. To do so, we developed a semi-structured interview protocol to help guide the conversation and focus their reflections on topics related to course design, management, and outcomes. The discussion with Joseph Tjitekulu took place in November 2017 while members of Dartmouth were at Gobabeb. The discussion with Gillian Maggs-Kölling took place via Skype in April 2018, although we also discussed the general themes of the manuscript and shared a copy with her in November 2017. Both of the meetings were digitally recorded, with their permission. Insights from our Namibian colleagues informed the development of the paper and are captured in Box 1 and 2 in the manuscript. Numerous prior conversations with our partners also informed what we present here.
We came to this endeavor from a variety of perspectives that no doubt helped to shape its evolution. DTB is an ecologist and faculty member at Dartmouth and has taught on the Dartmouth Africa program since 1995. KHB is a practice-based learning specialist at Dartmouth and does research on university-community collaborations. FEK-T is a Ph.D. student whose research focuses on insect-plant interactions. DTB, KHB, and FEK-T were all involved in designing and teaching the course from the Dartmouth side (DTB all five offerings, KHB and FEK-T, four offerings). GM-K is a botanist and the executive director of Gobabeb and has hosted and interacted with the course through all five iterations. JT is a member of the Topnaar Community and the Topnaar Traditional Authority and was employed by Gobabeb as a community liaison during several iterations of the course. We believe that this diversity of perspectives led to the richness of our interpretations and our reflections.
Results
Lessons Learned in Program Design and Implementation
In designing the new course, we had many aspirations that we label as design criteria in Figure 1 . Primary among them was that the course be hands-on (constructivist) and collaborative, requiring that students take ownership of their own learning. Furthermore, we required that it thoroughly engage the human and ecological dimensions of an issue in an interdisciplinary way, and that students connect their activities in the course to the skills, theory, and broader empiricism taught on campus and available through the scholarly literature ( Figure 1) .
Below, we distill our challenges and experiences in the design and initial five offerings of the course into three primary lessons. Figure 1 . We frame our field course as community-based research (CBR) in which we engage with a social-ecological system (SES). This framing grew out of our design criteria and the competencies we hope our students will develop. 1 [18] , 2 [19] , 3 [20] , 4 [5] .
Lesson 1: Framing the Course Matters
In our experience, a clear and explicit framing for the course is essential to guide student expectations, help them orient to course partners and to the on-campus curriculum, and to fully address course goals (Figure 1 ). Several different pedagogical approaches to getting students out of the classroom and into the "real-world" have been presented in the literature, including experiential learning [11] , project-based learning, problem-based learning, and service learning [3] . Although a consideration of each of these approaches was useful to us, we found that none of these definitions fully fit the aims and context of our course. In particular, we found it difficult to tie these concepts to the on-campus curriculum and we felt that elements of these framings were problematic for our course that involves students from the global north engaging in environmental issues in the global south.
Both problem-based and project-based [10] pedagogies emphasize framing environmental issues as "problems" and the process of addressing those problems as "finding solutions". In the context of our course, this framing was problematic for several reasons. First, when conducting research in communities and with community partners, this framing can be alienating because it assumes that the community has problems, names specific issues as problems, and further assumes that we-outsiders-can solve problems within the community. Second, the relationship that this framing articulates is particularly problematic because we are working in a post-colonial context. A service learning framing raised similar issues. Both concepts, serving the community or helping solve a communities' problems, help to perpetuate the perception of a hierarchical relationship between the students and faculty and the community. Finally, the concept of problem-and project-based work leading to specific solutions suggested that issues under investigation during the course were relatively simple issues that could be fully addressed in a relatively short period of time. This was inconsistent with the complexities and open-ended nature of this endeavor.
While we recognize that the literature on these pedagogies addresses some of these concerns, we found it difficult to conceive of a way of presenting the course to students that would not create initial impressions and expectations that would be difficult to dispel later. In our program, instead of assuming that there is a problem to be solved, we describe our work as "engaging productively" in the system, which leaves it open for students to define their own questions and strengthen the Figure 1 . We frame our field course as community-based research (CBR) in which we engage with a social-ecological system (SES). This framing grew out of our design criteria and the competencies we hope our students will develop. 1 [18] , 2 [19] , 3 [20] , 4 [5] .
While we recognize that the literature on these pedagogies addresses some of these concerns, we found it difficult to conceive of a way of presenting the course to students that would not create initial impressions and expectations that would be difficult to dispel later. In our program, instead of assuming that there is a problem to be solved, we describe our work as "engaging productively" in the system, which leaves it open for students to define their own questions and strengthen the tenacity and creativity that research demands in such a setting [21] . As explained in detail below, we found that conceiving of our course as community-based research in a social-ecological system worked better to both situate our course ethically and to integrate it with the curriculum. Ultimately, we chose student research as the primary learning activity, our research topic as the social-ecological system (SES) that we are part of at Gobabeb, and community-based research (CBR) as our research approach. Below, we elaborate on each component of this framing.
a. Research
Student research is the constructivist activity we use to enable learning, foster active student engagement, build relationships with community members, and to produce information of value. Teaching through research fosters higher levels of student engagement than the typical classroom setting and facilitates the development of skills for problem solving (e.g., [22] ). Further, an immersive field environment promotes deep learning [23] . Mogk and Goodwin [24] emphasize that, in the field, students make their own decisions about what is important and how to present that information, rather than receiving information filtered through an instructor. In addition to increasing information assimilation [25] , our framing encourages our students to iteratively ask: what is unknown or needs further understanding in this system? What does it mean to be productive? How may we-and should we-engage to address information gaps? The teamwork, problem-solving, and relationship skills that were developed in the process may shape students' career motivations and help them to feel prepared to address complex questions in their future work [26, 27] .
b. Social-Ecological System
During our course, professors and students enter a social-ecological system (SES; [28] ), of which we and the course are a part. An SES framing emphasizes the dynamic coupling between the human and biophysical dimensions of ecosystems, and thus, accommodates and requires an interdisciplinary perspective. Our department and our students have wide-ranging interests in the natural and social sciences and the humanities, and the SES concept is broad enough to encompass this range of interests. Equally important, it allows for us to conceive of our program as one of the components of such a system, enabling a more active, reflexive, and collaborative approach. Placing ourselves in the SES allows us to identify a research topic, the SES, without imposing a subject-object relationship.
The SES framework has been the subject of much theoretical elaboration (e.g., [29, 30] ). A number of conceptual frameworks have been constructed around the base concept of the SES and related ideas [31] . It was not our intent to structure the course and the research fully around that body of work. Doing so would require a level of theoretical sophistication beyond what we deemed useful in this context. Instead of a more elaborate theoretical framing, we simply asked the students to "engage productively with a real social-ecological system". This helps to keep the focus on understanding the SES and our roles within it, directing our emphasis toward choosing ideas and methods that are useful in understanding and participating in the system.
In addition, the SES framework guided our choice of Gobabeb as the course location and it influences the portfolio of research topics we consider each year. For example, much of our initial research focused on the !nara plant, and its social and ecological dimensions. Each year, when we work with our partners to develop a list of potential projects for students to work on, we make sure to include projects that are focused on the biophysical system, the social system, or both. We also attempt to bring both social and biophysical scientists on the program to assist students in their research. It is important to note that, while students are able to select projects of interest and innovate within those projects, it has been critical for student and program success to develop a list of potential projects to inform their choices and align project foci with community partner needs.
c. Community-Based Research
The final piece of our framing helps to describe our position relative to two members of the SES with whom we interact closely: Gobabeb and the Topnaar community. It is far too easy in an annual, short-term, student-focused course to prioritize student learning and research over community interest and needs and to limit our interactions and experiences to working only with like-minded, similarly trained people (e.g., Gobabeb scientists). However, such an approach runs counter to our conception of the course as responsible to and interconnected within the SES. Both personally and pedagogically, we desire to create a relationship with our partners that is collaborative, inclusive, ethical, and reciprocal [32, 33] .
To this end, we framed our work as "community-based research" (CBR), which helped us to identify critical ethical and practical guidelines for our engagement. Community-based research is an approach to conducting research that works with community members to conduct research on problems or topics of mutual interest [34] . CBR emphasizes "the participation and influence of nonacademic researchers in the process of creating knowledge" [34] and the equitable and respectful inclusion of diverse forms of knowledge throughout the research process [34, 35] . CBR is one of several approaches to collaborative or engaged research, including community-based participatory research (CBPR) and participatory action research (PAR), among others [33] . Although the specific foci and goals of each approach vary, they share common principles [33, 34] and practices [36] , such as researchers and community members participating equally in the research process, learning among academic and nonacademic partners, co-identifying research problems [36] , and balancing research and action [33, 34] . These principles and practices guide our entire research process in the course, as well as our interactions with community partners.
Lesson 2: Helping Students Engage Productively in the SES Is Complicated, but Achievable
Engaging productively in the SES is complicated and it requires risk-taking and a willingness to embrace the inevitable ambiguity that accompanies such engagement. We and the students grapple with challenges and anxieties during the conduct of the course. Despite these complexities, productive engagement is achievable. The following section discusses some of these challenges and details course design strategies that address these challenges and capitalize on the opportunities these challenges present. For context, Table 1 outlines how the course progresses over the 15-day duration, identifies key components of each phase of the research, lists the community-based research questions that influence research decisions, and explores key challenges of each phase.
a. Preparation for Collaborative Research
Guiding students through the research process-often for the first time-in the field presents a unique set of challenges and opportunities. During orientation sessions the term prior to the course, we begin discussions about community engagement. Students read two articles about community-engaged research [18, 33] and then participate in structured discussions to explore these concepts. In the days prior to the start of the research course at Gobabeb, students are asked to respond to prompts that are designed to help them reflect on key concepts (e.g., reciprocity) from the papers read during orientation and on their experiences with communities in the prior two courses, ENVS 40 and 42, in Southern Africa. Finally, students are encouraged to bring theory and experience together to think about how they want to approach their work with communities during their upcoming research. We also provide preparation for student research team collaboration by introducing a variety of tools for navigating the collaborative decision-making processes and the resolution of conflicts that may arise. During orientation, students complete the Thomas-Kilman [38] Conflict Management Style Worksheet to understand their conflict management tendencies and provide a vocabulary for discussing differences. During the course, students participate in interactive idea-mapping exercises and workshops about the dynamics of participatory group decision-making, including how to identify and get through the "groan zone" as they struggle to bring together conflicting ideas [20] .
b. Student Ownership
Field-based learning, like other non-traditional educational experiences, presents an opportunity for students to take responsibility for their own educational outcomes [39, 40] . Ernst et al. [25] observed that inquiry based learning fosters high levels of student ownership as hands on research necessitates a high level of autonomy and independent thinking, along with strengthening collaboration skills. For field-based natural history programs, they found that several key factors fostered a sense of ownership among students: (1) preliminary instruction followed by student development of research project ideas; (2) "open-inquiry" projects [41] where students develop, test, and refine their own strategies for project implementation; and, (3) opportunities for students to communicate their results to a broader audience. Our course incorporates each of these elements.
Further, working with communities external to Dartmouth increases students' sense of ownership and personal responsibility for their research and its potential impacts. Lambrechts et al. [42] identifies these skills as the sustainable development competencies of responsibility and personal commitment, and Lozano et al. [5] similarly calls them personal involvement. This level of student ownership and personal investment is infrequently encountered in on-campus courses.
c. Linking Theory to Research
We teach research as a method for gaining greater understanding of an SES and thus enabling better problem-solving and decision-making. But, effective research requires that students understand theory and broader empiricism through interaction with the academic literature. It is our intention that students consult the academic literature throughout their research process. We facilitate this by providing them with basic literature search skills and key citations for their research question(s). In the initial stages, the literature can provide conceptual frameworks and vocabulary to facilitate the framing of questions. During the analysis phase, they can access ideas for data analysis. In the interpretation phase, they can compare their results with those of others in this or similar systems.
Ideally, the literature provides the larger context in which students embed their work. In practice, this synthesis is less complete than we would like, and we have found this to be among the most difficult skills for us to teach and students to acquire. This is a complex intellectual undertaking, and not all the undergraduate students are academically prepared for it (e.g., [43] ; Case study 1). To help address this, we employ scaffolding through prior course assignments. In one of the courses completed prior to the start of this course, students keep a research journal with entries about their observations on a personal research topic (e.g., water scarcity, human-wildlife conflict) and conversations or interviews that they conduct on the topic. Additionally, they read the academic literature to find concepts or theories that they use as analytical tools to gain further insight into their topic. As a final product, students compile an annotated bibliography that formally analyzes their topic with five articles from the literature, synthesizing academic literature, observations, and interviews. As part of that course they are given examples from our own experience and prior student work of this kind of synthesis. This preparation is helpful, but it still remains a challenging task to apply these insights during the pressures and time constraints of their field research at Gobabeb. This is an area of skills acquisition that requires further development.
d. Navigating Time Constraints
There is an inevitable tension between conceiving of our course as part of the SES and being present for only a 15-day period each year. Consequently, it is critical to make the best use of the time that is available. Time constraints are felt more acutely at certain points in the course. The transition from project formulation and design to data collection (Table 1) is a juncture at which the students need help navigating time constraints. Students acutely feel time pressure, as they must quickly get up to speed on the literature, research project topics and data collection methods, try out those methods, and begin actual data collection. Experience shows that groups will either respond by wanting to quickly begin their data collection, which often leads to a premature commitment to a research plan that has not been fully thought through, or groups try to plan, strategize and think themselves far along in the project before actually collecting any data, which can lead to wasted effort as the plans and strategies are found wanting when confronted with pilot data. In both cases, student anxiety increases rapidly in the face of limited time in the field.
There is an inherent tradeoff between giving students a lot of direction to help them get on track quickly versus allowing them to find their own way through the initial stages of project design with little intervention. While providing more direction may reduce stress, some amount of trial and error is critical for them to learn about the process of conducting research. Finding the sweet spot of encouraging rapid commitment to a research direction, while allowing for room for experimentation and project evolution is difficult. Over the past five years, we have adapted the course calendar in an effort to provide students with sufficient time for each stage of the research process. We have concluded that our current time allocation (Table 1) allows for an intense, sustained focus that gives students the powerful opportunity to be immersed in an experience quite unlike any on campus. If we devoted more time for research, it would be easy to lose that intensity and level of focus and fatigue would set in-but having less time would further limit what we are able to accomplish. Time will remain a commodity in delicate balance.
e. Opportunities for Reflection and Providing Feedback
Student research in a community setting provides an opportunity for an assessment of one's own role in the SES being studied, and we ask students to be active in and aware of their personal growth. Self-reflection as a part of the research process is a key component in cooperative learning [44] , as well as in service-learning [45] and experiential learning [11] . As Kolb and Kolb [11] note, reflection is part of a learning cycle or "recursive process" of knowledge construction (p. 194). Reflection is critical for identifying and processing new experiences to produce new understandings of the world, and potentially modify actions. Without reflection, we may experience without understanding what the experience tells us or how we are reacting to it. We may fail to integrate it with our current understanding of the world and to then grow and change from the new information.
Our strategies for promoting reflection include: (i) a pre-Gobabeb prompt that asks students to reflect on their experiences with communities earlier on the program, their insights on reciprocity in these exchanges, and how these insights may influence their work with the community at Gobabeb; (ii) in-field discussions that occur during the research project; (iii) small group reflections at multiple junctures; (iv) scheduled team check-ins where research projects and research experiences are discussed; and, (v) several short reflection essays at the end of the course. Students are also asked to keep journals during the two courses preceding ENVS 84 while in Southern Africa, again providing scaffolding for reflection. In years 1-3, students also kept a journal during ENVS 84. However, we dropped the journal assignment because there was insufficient time for journaling during the research process. Reflection after the experience via responses to prompts proved more successful at yielding deep reflection.
In addition to providing opportunities for reflection, faculty provide in-depth feedback to students. Residential field courses where instructors and students live and work side-by-side offer powerful opportunities for this that cannot happen in a campus environment, and we take advantage of these opportunities. In addition to grades, faculty provide detailed assessments of student strengths and areas for improvement, including observations of their growth over the course of the program and their success with skills, such as group decision making, problem-solving, and collaborative learning. Such observations are only possible because we work so closely with students and develop a level of trust over the course of the program. These close interactions are a critical component of the program, as they accelerate learning and facilitate an adaptive research process. They also mirror and provide preparation for real-world workplace situations students are likely to face after graduation. Learning quickly from feedback is critical to student development and success during this course.
Lesson 3: Being Part of the SES Means Avoiding Becoming "Helicopter Researchers"
University faculty participating in community-university partnerships have been criticized for seeing the community as a laboratory for student learning, instead of treating them as partners [46] . Working with indigenous communities, Hodge et al. [47] describe issues with "helicopter" researchers, or researchers who "'fly in', collect the data, and 'fly out' with little, if any, interaction with the community" (p. S43). Faculty have also been criticized for using community resources, such as time, without giving anything back [48] . This includes failing to share findings [32] . Among the most significant implications is that communities may be exploited [32] , albeit often unintentionally.
Recognizing the importance of avoiding these pitfalls and staying true to our SES framework, we focus energy on program-and student-level engagement that supports long-term, multifaceted, and reciprocal relationships. This is a significant challenge, especially because we are only physically present in the system for two weeks out of the year. However, we recognize that for research to be most useful to communities, it needs to be coproduced [49] . In other words, research is more likely to influence action or have impact within communities if it is produced with community members. Further, co-production helps to ward off potentially negative impacts of research on versus with community. In the sections below, we describe our program-and student-level engagement with community and our current strategies for co-producing knowledge with community.
a. Program-Level Engagement within the SES
Our course has two primary community partners, staff and collaborators at Gobabeb and local members of the Topnaar community (Boxes 1 and 2) . Prior to the first year, we worked to build relationships with Gobabeb and in the Topnaar community through in-person meetings and visits to individual Topnaar settlements and the leader of the Topnaar Traditional Authority (TTA), Chief Seth Kooitjie; this helped us understand the local power structures, engage with different kinds of community leaders, and to identify potential boundary spanners [50] or beach head leaders [51] . These boundary spanners have proved critical as initial points of engagement with these different social groups within the SES.
Box 1. Questions and answers with Joseph Tjitekulu.
Joseph is a community activist focusing on development of rural communities in such as the Topnaar Traditional community. He has also been employed by the Topnaar Traditonal Authority and by Gobabeb as a liaison to the Topnaar community. In the latter capacity, he facilitated student research by arranging interviews with community members and serving as an interpreter.
Q: Have the community members that have interacted with our students had generally positive personal interactions with them?
A: Yes, it was evident because the respondents sat through 20 questions, etc. Members of the community do get frustrated by being asked questions by people from various government ministries as well as researchers that come through Gobabeb. They are sometimes reluctant to interact because they don't see results of the assessments or interviews conducted. They don't understand research. The information that has come from this research is good for the Topnaar leadership structure and it is good for planning purposes, but for community members it is a bit advanced. They don't see the distinction between research and development work. Perceptions are usually taken up wrongly. The community feels that once it is discussed, "I should eat the fruit by the end of the day". We need to do a better job of communicating from the start that this is not development work.
Box 1. Cont.
The community members have appreciated the tea and sugar you have given as a token of appreciation. As well as how you have supported our students with bursaries. Q: How can we do better at communicating our purpose and our findings? A: We shouldn't have centralized information sharing. It should be decentralized; "bring the baby to the mothers". We need to go to the settlements to present the findings. Also, we need to adjust the information to target development. We can slap two flies with one clap. Present the information in the same fashion that it was gathered. And communicate it in Afrikaans as well as English. Then those in the community can see what has been done and think, "I can build on this". Let's make a smaller, illustrated report. Just one page. Perhaps a short video. Q: When we say we're from Dartmouth, do you think people remember us from year to year? Or see us differently from Gobabeb? A: No. They see you as Gobabeb. The leadership knows Dartmouth, but not most in the community. You need to wear your identity on your bodies. T-shirts and ball caps. We need decentralized information sharing about Dartmouth. Publicize bursaries and other activities. Q: Do you think that our work with Gobabeb and the Topnaar has impacted your relationship with each other, for good or bad? If so, in what ways? A: It's not a one-night stand that will change the Gobabeb-Topnaar relationship. It is difficult. We need to revamp the whole information sharing process. We need to get them together. Have some drama plays to convey useful information. I'm an advocate of having these meetings outside Gobabeb. Because it is in the community where implementation of these ideas would take place. Q: As we think about future projects, what would you like to see us work on? Any important considerations we should think about when working on those projects? A: Help us create a database of the community. Create a living document that could be updated frequently on the state of the community. Investigate water extraction from the !Khuiseb aquifer by Namwater. Namwater have developed new boreholes in the lower delta and are planning for more in the upper !Khuiseb. How does it affect fodder production by the riparian trees? Livestock health used to be better. There was more grass and trees. Develop environmental education for adult learners in the community. A small course of 3-5 days communicated at the right level for the community.
Box 2. Questions and answers with Gillian Maggs-Kölling.
Dr. Maggs-Kölling has served as executive director of Gobabeb for five years. Her formal training is as a botanist.
Q: You host various teaching and research groups here at Gobabeb. What if any differences or benefits do you see from us coming here to "enter the SES" as opposed to a more traditional course?
A: You come here as a partner and that has made a big difference; you've been very responsive to our interests and needs. We've enjoyed seeing how the research has evolved and moved toward areas of mutual interest. And you've helped advise and support our young scientific staff.
Working with your students in this way has made me realize that some of the young people from abroad, who come with other programs to Gobabeb, miss an important part of the experience since they don't interact as extensively with our staff as your students do.
I think the collaborative aspect of this has been particularly important to our young emerging Namibian scientists. The fact that they see their work with you and your students as a collaboration has opened space for their ownership of the research and that has led to greater commitment on their part. The staff also appreciate how you give back to Gobabeb and the Topnaar community.
Q: Has our course had any impact on Gobabeb's relationship with the Topnaar Community? A: We've been working hard on our relationship and I think it's getting better. I think the Dartmouth course has helped us to increase our engagement and create more productive interactions with members of the community. With Dartmouth's impetus we have moved into research areas that have the potential to benefit the community, in particular the research on livestock. This is outside the norm for Gobabeb, working on agricultural issues, but we think it has great potential to be helpful to members of the Topnaar community. The Topnaar are our neighbors and we want to work together with them. Personally, I would like Gobabeb to be able make a change in the lives of people in the community, especially, those that don't have much of a voice or many economic options. Topnaar are a stakeholder in what we do and they feature in our strategic planning. We want to find out with them what are their needs for research, what are their questions? How can we partner with them to help answer the questions? Box 2. Cont.
But we do not have expertise or capacity to do development work. Our signature strength is in research, broadly defined. Desert Ecology and atmospheric science are where we have made our most prominent contributions. But we know it's not good enough to just produce peer reviewed articles. But there are challenges and constraints on both sides. I think there is a good deal of misunderstanding and mistrust. I see a mismatch between what the community wants from us and what we, as a research institution, can provide. We get discouraged when we hear that some in the community think we want to exploit their traditional knowledge. Those kind of tensions sometimes discourage young Namibian researchers from working on !nara or other things relating to the Topnaar. We're also stretched thin because we bear responsibility to all of Namibia not just our Topnaar neighbors.
Each partner is unique, and engaging with either of them has certain complexities. One of the challenges of engaging with any community is that no community is a unitary entity. Engaging with Gobabeb has been comparatively straight-forward when compared to engaging with the Topnaar because of the shared western academic and research culture and our proximity; we stay on-site at Gobabeb. Staff and visitors include Namibian, South African, European, and American researchers, students, and interns. Leadership and staff at Gobabeb have also been relatively constant during our time at the Centre, creating continuity. Co-author and Executive Director at Gobabeb, Gillian Maggs-Kölling, has been our primary contact for the last five years, and several Gobabeb scientists have worked with the program consistently for at least two years in a row (Box 2).
In contrast, although we often visit Topnaar villages while interacting with the community, we spend much less time there than at Gobabeb. As we had anticipated, building a relationship with the Topnaar community has been a more gradual process. Gulfs of language, history, culture, and perceptions of unequal power and affluence are some of the complexities. We started out with the intention of creating a constructive and mutually beneficial relationship between our course and any members of the Topnaar community that were interested in engaging with us. We first secured permission of TTA leader, Chief Seth Kooitjie, by meeting with him to explain our intentions. We meet with the Chief annually when we return to Namibia, and we also deliver copies of the student papers from the previous year. In 2017, we developed an agreement between the TTA and our program about research on Topnaar indigenous knowledge systems. This agreement was a critical step in formalizing our relationship. Over time we have developed relationships with other community members, including Topnaar students at the local primary school, the local agricultural extension agent, members of Chief Kooitjie's staff, and Topnaar members of the Gobabeb staff (Box 1).
Because, essentially, the same core group of Dartmouth faculty and staff return annually, social capital has developed among the Dartmouth personnel, Gobabeb staff, and the local Topnaar community members. Logistically, the long-term relationship means that the course can run more smoothly and efficiently. Academically, returning to the same site has allowed for us to develop research projects that build on each other to achieve more depth, and eventually, contribute to the academic literature. Interpersonally, the long-term relationship demonstrates a commitment to our community partners and a commitment from them to us to do good work together. Now that relationships are established, each year is a reunion versus a first encounter, eliminating much of the introductory relationship building efforts. Although, each year new relationships are formed as well. In addition, our established relationships mean that each partner has a deeper understanding of how to work together, and is familiar with customs and communication patterns, which facilitates the production of higher quality, in-depth work.
b. Student-Level Engagement within the SES Some of the most valuable learning happens as students try to envisage themselves as members of this SES and to navigate the social dynamics. These relationships bring up some difficult issues for students, who often question the validity of our presence and our approach. Most students on the program are familiar with critiques of western development efforts and some struggle with feelings of being "just another western expert dropping in, doing work, and leaving". During the program, we emphasize that students are part of the community, and are also part of building a long-term, reciprocal relationship among SES members. Nonetheless, they sometimes struggle to see this as a reciprocal relationship because they feel privileged to have learned from the Topnaar and often feel that they receive more than we give. Typically, when members of their community engage with the students in research, we present them with small gifts as tokens of appreciation (i.e., a basket of food/kitchen items). We have to remind the students to think of reciprocity in a broader time frame and in relation to different forms of exchange [18] , not just this initial exchange. In effect, we have created a relationship through time. Although most individual students spend only 15 days engaged with these communities, our program stays engaged across the years. While individual students may just be "dropping in", the program is engaged as a long-term partner. Students also do not always appreciate that some members of the community value the time and effort that the students invest in the relationship. In addition, exchange between partners can occur in a number of ways, such as sharing song, stories, knowledge, resources, and time. These are all valuable forms of exchange, and, as Maiter et al. [18] remind us, we cannot expect all exchange to be perfectly symmetrical, nor are all the parties likely to assign the same value to different forms of exchange.
Discussion
As our reflections illustrate, designing a real-world field-course based in community is fraught with challenges and nuances that are rarely encountered in on-campus courses. Yet, we have found these challenges are also necessary for learning and growth and are what make the experience transformative. Although we have not completed a formal assessment of learning outcomes, students have responded enthusiastically to the new course and course evaluations have been strong. Although we have much still to learn, here we conclude with some of our subjective impressions, tentative conclusions, and our next steps for further improvement.
In our experience, the SES/CBR framing helped us to navigate our primary pedagogic challenges. These concepts helped incorporate the diverse interests of our interdisciplinary students and worked in the intercultural context of American university students studying in Namibia. We found that both the SES and CBR frameworks could be communicated easily to students, but both were also rich springboards for reflection and skills acquisition (Figure 1 ). For example, both of the framings encourage students to ask questions about interconnectedness in the system and to explore their roles, responsibilities, and influences. By viewing ourselves as part of the SES and with the guidance of the CBR literature, we were better able to articulate our ethical position and council students on their ethical dilemmas. Further, this framing and thoughtful consideration of ethics, communication and collaboration have helped to develop processes and approaches that productively engage community partners with the goal of mutual benefit. Although still challenging, using research as the primary learning activity lends itself to students connecting their work with the broader theory and empiricism they learn on campus and fostered a level of ownership of their work and ideas.
Although the content of our course aligns best with environmental studies, or similar fields, we feel that some of our lessons learned have broad applicability to other "real-world" courses. These include the need to provide a clear framing for the course that helps students to understand their position in the system under consideration. Similarly, the need to connect student's real-world experiences with the theory and broader empiricism of on-campus instruction seems nearly universal. We think that the SES framing could be useful to other real-world courses in which the primary orientation is interdisciplinary. Furthermore, courses and real-world settings in which social justice issues play a role may also find useful the avoidance of "problem" and "service" in this framing. These concepts might be less useful in courses with a primarily disciplinary approach or where a "problem-solving" frame is intrinsic, such as engineering or human health.
We recognize that some aspects of our course are unique. Many programs occur over longer periods of time (e.g., semester) and that most classes will not have been living and working together for the preceding 3-6 weeks. While the practices that are suggested in this paper may still apply, how they are enacted or carried out will inevitably be different. For example, professors will need to consider the burn-out of students over a longer period of time and how to deal with unexpected illness or relationship challenges that are more likely to emerge over a semester than during 15 days. Approaches to helping students deal with conflict management, for example, may need to be adapted.
In addition, resources, financial and human, have been essential to the conduct of this course. Clearly, this type of course requires far greater human resources than an on-campus lecture course. This seems unavoidable and essential to this type of endeavor. We are in the enviable position of having not only the resources of a typical Dartmouth course, but also two endowments from the families of past students of the program, one of which is specifically targeted to this course. This is an important consideration for the generality of our findings. However, while this degree of resource availability is necessary for funding a course in a distant overseas location, the requirements should be much less for a domestic course of similar structure.
In ongoing conversations with some of our key community partners (e.g., Box 1 and 2), we have learned about community perceptions of our program and have gained ideas for future research projects. Given our shared interests in research our interactions with Gobabeb staff have generally been viewed positively and mutually beneficial (Box 2). While we have successfully engaged with the Topnaar leadership, our engagement with the broader Topnaar community is not as deep and more episodic. Although research shows that community members do not always desire to be involved in all stages of the research process [52] , and researchers are not always able to involve community members throughout the research process, we aim to provide opportunities for engagement throughout the research cycle, at a level that works for all parties. Our experiences to date indicate that we need to work harder on this aspiration (Box 1). For example, in prior years, members of the Topnaar have contributed data during the data collection stage, but they have not been as involved in project development, research design, or the development of recommendations or implementation of those recommendations. To stay true to the principles of CBR, we need to at least explore, and ideally, facilitate greater involvement in the entire research process.
Interestingly, perhaps due to cultural similarities, and because we spend substantial time with Gobabeb staff, students often have difficulty conceiving of Gobabeb and its staff as part of the community or as a unique component of the SES. They sometimes speak and act as if the term only applies to Topnaar community members. Students' perceptions, at times, have colored their research interpretations. For example, when students have focused on Gobabeb's relationship with the Topnaar, they have sometimes taken sides with the Topnaar, rather than neutrally analyzing the relationship. This is an issue with which we continue to grapple and are taking a reflective approach, examining, among other things, how we explain community.
Another area for continuing work is in communicating research results back to our partners, particularly with our Topnaar partners (Box 1). Each year members of the TTA have attended the student presentations along with Gobabeb staff. Annually, we return with edited and printed papers from the previous year's work and present them to Chief Kooitije and other partners. These presentations and written documents are useful for our Gobabeb partners, but may be of less use in the broader Topnaar community (Box 1). We plan to experiment with other means of communication suggested by community partners (Box 1). This coming year we plan to have each student group prepare and distribute a single-page, graphics-heavy presentation of their results with text in Afrikaans or Khoekhoegowab (languages widely spoken in the Topnaar community).
There have been a number of unanticipated and gratifying outcomes of this course. We have been surprised by how much our engagement has grown and diversified in just five years. We realize now that what we have begun is much more organic than a typical course and it has taken on a life of its own. The research has diversified from an initial emphasis on !nara biology and Topnaar use of !nara to include new dimensions including Topnaar pastoral ecology, interactions of Topnaar livestock with !nara, and environmental education. In November 2016, we began a long-term herbivore exclusion experiment to examine the effect of browsing by Topnaar livestock on !nara productivity. This experiment requires year-round collaboration to accomplish monthly monitoring and data collection and visits by Dartmouth faculty outside of the course period.
Despite continuing limitations (Box 1), our engagement with the Gobabeb and Topnaar communities has grown. Since the program began, Gobabeb created a two-year, grant-funded staff position for a Topnaar liaison from the community and we have interacted with this person extensively during his tenure. There has been increasing engagement by the Topnaar community in determining research priorities (Box 1). During the 2016 course, students conducted interviews with 25 Topnaar households to discuss livelihood activities and the desire for development support in areas of community tourism, livestock husbandry, and other activities. These results indicated that livestock husbandry was a priority. Consequently, we and Gobabeb have initiated several lines of livestock research. Three students have returned to Gobabeb to continue research that was begun while participating in the program. That has always been an aspiration and we continue to look for ways to increase the frequency of return visits. We have helped to support and mentor several Topnaar students, as well as supporting Namibian masters students to work on research projects on livestock and !nara. Out initial hope was that over time we could "grow" productive relationships with our partners and that is happening. Continued monitoring of study sites between Dartmouth visits is undertaken by Gobabeb, according to agreed protocols and schedules. This has ensured local ownership of the research (Box 2) that is now integrated in the routine long-term monitoring agenda of the Centre.
Despite these relationship-building and collaborative research efforts, we are still, quite literally, oceans apart, and our time together as a community of academics, practitioners, and community members is limited. We are still figuring out how to engage in ethical and effective community-based participatory research given these constraints. One of our key lessons has been that we cannot let these constraints stop us from trying. Our hopeful perception of the experience of the past five years has been that facilitating students entering a social-ecological system in this manner allows them to develop the persistence, adaptability, humility, willingness to take risks, and desire to connect with other humans that are necessary to address pressing sustainability problems that affect us all. 
